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FORE WORD

This report presents a study to identify Reliability, Maintain-
ability, and safty Growth Trends on helicopters. The work was
conducted under Contract Number P. 0, 20478 for the Institute
of Defense Analysis (IDA), Arlington, Virginia.

IDA technical direction war provided by Mr. Norman J. Asber,

Project Engineer for the Boeing Vertol Company was Mr. J. J,
Dougherty, III of the Product Assurance R&D unit. Principal
Investigator for the study was Mr. 0, L. 5andora, also of the
Product Assurance R&D unit. Program Managpment and Technical
Direction were provided by Mr. K. G. Rumrnel, Manager, Product
Assurance Research & Development.
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1. INTRODUCTION

Helicopters have consistently exhibited relatively high
unscheduled maintenance requirements because of the great
percentage of high reliability risk and high-cost compon-
ents needed for the helicopters unique performance capabil-

0 ities, This tendency towards high maintenance requirements
has generated concurrence among both the contractor and
customer that improved reliability must be achieved without
a long and expensive period of in°-service product improve-
ment. High initial reliability can be achieved only throuqh
a well-executed analytical design appoach and an enthusias-
tic and well-controlled developmental testing effort.

The primary reliability effort in the design stage is the
analysis and evaluation of the aircraft design and develop-
ment of Reliability Predictions. Recent work has shown that
a point estimate of aircraft or component reliability is
meaningless unless accompanied by a quantification of the
time in the components maturity (development) cycle for
which the estimate is relevant.

Reliability growth prediction techniques have been employed
to estimate the number of developmental test hours required
to achieve a desired level of reliability with increased
confidence in the technology.

However, since reliability continues to be improved by the
Product Improvement process throughout most of the in-
proluction life of a helicopter, it is necessary to under-
stdnd this growth process. The magnitude and the factors
affecting this growth process must be determined and quanti-
fied if futureý aircraft programs are to be optimized.
Development costs and O&M costs must be viewed as intimately
related to reliability. The key to tninimum total system
costs is the understanding of the reliability growth process
throutn the development and operational phases.

p V



2. MMOUMEkjlAT014ý OF AAYI

Historically, reliability of helicopters has increasec, with
each new generation of aircraft, as well as increasinq during
the i'l-•rvice phase of each individual aircraft. In order
to understand these growth patterns and the impact that
aircraft roliability growth has on mission reliability, safety
reliability, availability and maintenance manhour expenditures,
an analysis of in-service aircraft data is essential.

This can best be achieved with a compilation of reliability
growth experience at the airc-raft component level, and the
impact on the above mentioned parameters after component
reliability is analyzed: then total aircraft reliability
should be examined and conclusions drawn concerning the
factors affecting thiu 9rowth process.

The data contained in the following chemrt identifies all
pertinent information developed under thiz contract and
contained in this report.



2aAT ZONTAXNED 1N _TIH.S RPOR'V

TASK 1

C9-47 Total Aircraft R Growth StatiStics Table 1
CII-47 Subsystem R Growth Statistics Table 1
C1i-47 Total & Subsystem R Growth Plots Figure 1-12
C71-47 Total & Subsystem R Growth Parameters Table 2
CJF-46 Total Aircraft R~ Growth Statiatics Table 5
C7O-46 Subsystem R Growth Statistics Table 5
CH-46 Total & Subsyxtere a Growth Plots Figure 43-66
C1O-46 Total & Subsystemu 1 Growth Parameters Table 7
CII-47 Component R Growth Statistics Tables 8 & 9
Cli-47 Component R Growth Plots Figure 92-115
CII-47 Component R~ Growth Parameters Tables 10 & 11
C7F-46 Component R Growth Statistics Table 12
Cal-46 Component R Growth Plots Figure 116-125

*Clt-46 Component R Growth Parameters Table 13

_TASK 2

Safety Growth Statistics For The Table 3
UH-I Army, UH-1 Navy. H-2 Navy, *-3 Navy#

e OH-6 Army, H-19 Navy, H-19 Army,
H-21 Air Force, H-21 Army. H-34 Army,
H-34 Navy, H-37 Navy. H-37 Army, H-46 Navy,
CH-47 Army, CH-53 USMC. CH-54 ArFy

Composite Safety Growth Curves Figure 25
Safety Growth Curves Por All Above Aircraft Figures 26-42
Saifety Growth Parameters Table 4

CO-47 Total Aircraft M Growth Statistics Table 1
Cti-47 Subsystem M.GrOwth Statistics Table 1
C CO-47 Total & Subsystem 14 Growth Plots Figures 13-24
CO-47 Total & Subsystem 7 Growth Parameters Table 2
CO-46 Total Aircraft M Growth Statistics Table 6
CII-46 Subsystem M Growth Statistics Table 6
CO-46 Total & Subsystem 14 Growth Plots Figures 67-90
CO-46 Total & Subsystae 14 Growth Parameters Table 7
H-21 X Growth Plots Figure 91

Weight Effect on Cost Figure 126
Weight Effect on Maintenance Figure 127
Maintenance Per Pound Grolth Curve Figure 128
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I()A PROFCT T-105

1.0 1 NTRODUCT I ON

This4 report provides OH-6A Prototype and early Production Helicopter flight
test hours and failure data as required under IDA prolect T-105 (IDA Purchase

* Order 20434). These data are prevented in the following manner:

a. Failures in each IDA subsystem category.
b. Failure types in three categories- Mission, FliRht Safety and System

('nscheduled Maintenance Actions).

c. Failure totals and failure rates per flight hour.
d. A monthly breakdown of flight hours and failures is presented when such

* information was available.
e. Maintenance manhours per flight hour data are provided when such informs'-

tion was available.

2.0 DATA SO1'RCES

2.1 PROTOTYPE YOH-6 IDENTIFICATION

The prototype aircraft are identified in the following table. .%'te that the
flight hours given are from first flight thr'i May 24, l966 which is the date
of the first flight of production aircraft No. 1 ('65-12416).

TOTAL. 1 f.•

A AI RCRAFT NO. DAr (IF Fl RST-1_1 P HT THW' 5/24/66

1 Static Tests only
2 (\9696F) 2/27/63 767";
3 (\9697F) 4/11/63 264
4 (N9698F,62-12624) 6/2/63 403
5 (N9699F,62-4216) 4/23/b3 720

* 6 (62-4211) 1/20/64 1269
7 (62-4212) 2/25/64 324

8 (62-4213" 3/13/64 810
9 (02-4214) 4/4/64 309

10 (62-4215) 4/30/64 bOs

TOTAl. TA 1.

Tie-down endurance vehicle; flown 13 hotirs prior to start of endurance tests.
' ih tatl ., !;,t, provi.It.: f r R':7 ht'ur-

2.2 PROTOTYPE DATA SOI'R('FS

The prototype aircraft were flown in various tests at man,. scattered locations
4 during the time period in question. The result is that the avAlilable histor-

icaý data regarding maintenance, flight hours, and failure rates is fragmented.

The best sources proved to be that for ships maintained at Culver city and

for the competiLive fly-off tests which were more closely observed and reported.

The day-to-au.' Culver ('itv maintenance and flight records for '1O'1-6 "'o. 3 and

:No. 5 were located and used. (Competitive fly-off test,, at Fort Rucker

9:-



(Logistical Evaluation and Tactical Suitability) provided total flight hour
and failure data for YO01-6 No. 6 and No.8. The combined flight time for these
four aircraft is 2300 hours and provides a representative sample. The
competitive fly-off tests are described in paragraphs following:

2.2.1 Logistical Evaluation Test

Prototype No. 6 was flown to Fort Rucker in Feb. 1964 and began flight test
which accumulated 1000 hours by Tune of that year.

The primary purpose of the test was to evaluate parts failures and replacement
requirements when the aircraft was flown on an accelerated program. The flight
periods were scheduled for 2'• hours with a 15 minute turnaround. Four mission
profiles were used which included nearly every type of flight that can be
performed with a helicopter. In all, a total of 3867 landings and takeoffs
were made during the 1000 hr. test period. This type of flying quickly
brought an'. subsystem or component deficiencies to light.

Secondary pruposes of the test were an evaluation of the preliminary tAC,
component replacement schedules, mechanics training, and bot.: standard and
special tool requirements.

2.2.2 Tactical Suitability Test

This test was also performed at Fort Rucker using Prototype No. 8 primarily
and ';o. 10 for a short period. The tests were conducted from March thru 'une
of l164 and were intendr.d to check the 014-6 within the whole tactical envir-
onment. An engineering system of ratings was used in raking evaluations.
Tests included transportability, krouný handling and hoistin,, ease of main-
tenance, manhours required for replacement of maý-r components, avionics
suitabilit,, flight characteristics and mission ssitabilitv. The preliminary
MAC was evaluated as was personnel requirements. The flight evaluations
required 230 flight hours.

2.3 PRnTOT*!YF TPAV7 T:;

"'fforts to locate the ":Z-6 aircraft and data were non-productive in :eneral.
ý'owever. the followinc., histor,.. was derived from the memories of H;uhes personnel
who were present during the period.

I.o. S Static ":ests Onl.'
"~;o. 2 /';qhy\• -:as flown 13 hours and then tied down in a wh.irl cage at

ciulver (itv. for endurance tests. Vhe aircraft was not
mov.'ed at conclusion of tests and the airframe is still in
place.

":6. 3 ('.;'> .. nderwent i-eneral testing at c ulver Cit.: and armament firing"
at camp Pendelton and Twentv:-nine Palms. Crashed during
low level firing run when t"e pilot inadvertently flipped a
fuel switcý, instead of a gun safety switch,. Aircraft was
totaled. Pilot and passencer suffered minor in;,-ries.

Sest Available Copy



No. 4 ('49698F, This aircraft is believed to have undergone flight testing

62-1262.',0 at Wright Patterson. Present whereabouts unknown.

No. 5 (N9699F, Under ent extensive testing primarily from the Culver City
62-4216) Oate. T.Žsts Included FAA certification. Present whereabouts

unknown .
No. 6 (62-4211) This aircraft was used in log-evaluation (1000 hour) tests

at Fort Rucker; was later sent to Fort Bragg and may

presently be at Wright Patterson,

No. 7 (62-4212) Underwent tests at Edwards AFB. Tests were prinmarily of
an engineering evaluation type to provide data for the
Pilots Flight Handbook. Suffered a tail boom chop during
high altitude tests and was rebuilt. Present whereabouts
unknown.

No. 8 (62-4213) Flown at Edwards AFB and later was used in Tactical
Suitability Tests at Fort Rucker. This aircraft was flown
in record breaking speed and endurance runs and is believed
to be in a museun at Fort Rucker now.

No. 9 (62-4214) Was flown at Edwards AFB, 4akersfield, and Yunis, lAst
known location was Aberdeen, Wash.

No. 10 (62-4215) Was used in armament testing at Fort Rucker and Hunter-
Ligget. Suffered a blade strike (trees) but was not
badly damaged. later was shipped to Paris for the Airshow.
Present location unkno4n.

2.4 PRODUCTION 0H-6A IDENTIFICATION

Production aircraft for which data are provided in this report are identified

in the following table, Such history as is available is provided.

liUCHES PROD. NO. ARMY SER. NO. DELIVERY DATE HISTORY

1 65-12916 1.0/66 U'sed in Stateside

2 65-12917 10/66 general testing and

3 65-12918 10/66 training. No. 3 & 6

4 65-12Q]9 10/66 I later suffered crash

6 65-12921 10/66 damage and were re-

8 60-12923 12/66 paired at HTC. No.

10 65-12925 12/66 2 & 8 are bailed;

11 60-12926 12/66 No. 2 at HTC, No. 4

12 65-12927 12/66 was destroyed in a crash.

14 65-12q29 1/67 Used in R&M demo. (ARIU).

15 65-12930 2/67 t6.15 later destroyed in
a crash.

25 65-12940 2/67 used in confirmatory

29 65-12944 4/67 tests (AKN). No. 25,

31 65-12946 4/6/ 29 4 31 later suf-

40 65-12955 4/67 fered crash damage

50 65-12965 5/67 and were repaired
at HITC.



2.5 PRODUCTION DATA SOURCES

Data rources for production OH-6A are the R&M Demonstration (Fort Rucker),
Confirmatory Tests (Fort Knox) and Hughes Service and Operation Reports from

the field. Adiditional description of source data follows:

2.3.1 R&M Demonstration

The R&M (reliabilitv and maintainability) demonstration tests were performed at

Fort Rucker during the period of Feb, 1967 thru Aug, 1967. Production aircraft
No. 14 and No. 15 were each flown a total of 500 hours. Close records were kept

of all failures which were divided into three categories, Mission, Flight Safety,
and System. The failures in each category were charged to the maior subsystem
(8 total) as appropriate. Nine different mission profiles were flown during this
program to provide a representative sample of all expected normal flights of the

aircraft.

Maintenance manhour records were kept for all maintenance actions during the

program and notations are provided as to the chargeable or non-chargeable
nature of the actions. Non-chargeable mintenance actions are those concerning
(FE (en,,ine and avionics), actions due to incorrect maintenance practice,
and accident or incident damage.

2.5.2 confirmatory.- Test Data

Confirmatory tests were conducted at FoLt Knox during the period from Sept.
1967 thru Tune 196•. Five aircraft, (Prod No. 25, 29, 31, 40 and 50) were
flown durin-' th•e tests for a total of 5269 hcurs.

in these tpsis, primary.' concern was the pinpointing of problem subsystems and
components, the development of solutions for these problems, and confirmation
of the "fix" wit', resultant increase in reliabil"tv.

"The data availa`le provides system and component total failures wit`o:ut
notation as to w!ifc, ma. hiave been classed as mission failures. An assujmption
can h)e made howe-r .. iud.vement of the nature of the failure. The data
are not divided irno calendar periods .4s regards fli.iht hours or maintenance
actions.

2.5.3 Additional Production ;:elicopter Data

Data was extracted from Service arid Operation Reports for nine production

,elicopnters listed in Pira,:rap'i 2.4. The data 'or t1ese aircraft covers the
period from delivor*, tfrou,*,l Octob•er, l116"; a total of over 4000 hnouirs. The

cuit-off dato, and those particu:lar aircraft, were cbosen because of their
e•aem:' in. "est or trainine. activities wi thin tie "nited States. Dates

Best Available Copy



HRS X 1000 CUM HRS.
16,609

15
Balance of Fleet

(Viet Nam)
Thru Prod. #68

10 CL7M IRS.

Prod No. I thru 18
(Test & Training-

Stateside)CI'M ttRS.

5 57
PROTOTYPES

2-63 2-64 2-65 2-66 2-67
Fir9t 5-66 Thru 10-67

Proto First Record Period
Flight Prod

Flimht

FIVl'RE 2-I TOTAL FLEET HO!'RS FOR RECORD PERIOD

-) t p..ri,)d, and latcr .,ircraft, do n•,t prvide a rprL'sentativw s,,':plv duc

rt im.. Ictivi ti,,-. H, t-cwr, i grioi, of tLh- total 0M1-6 fleet hour.;

f r ti. r, rc! pi.ri-d i- prviJed it figure 2-1. The failure rate data is provided

nlv: in t, ,I' t,'tal lailurtes and flight hours. Monthly breakdo.'n information is

Best Available Copy



3.0 SUBSYSTEM CATECORIES

IDA subsystem categories used in this report include Hughes subsystems as shown
in the following chart:

IDA SUBSYSTEM CATE('ORY NUCHES SUBSYSTEMS

Complete helicopter 01 Complete Helicopter

Rotors 10 Main Rotor
16 Tail Rotor

Airframe Components 20 Fuselage
35 Tail Boom
36 Stabilizer

40 Ptility Equipment
60 LAnding Cear

70 Flight Controls

Transmissions and Drives 50 Drive Svstem

Power Plant 77 Engine Controls
80 Power Plant
81 ruel System

82 Exhaust
113 1il System

Instruments 41 Electrical
42 Exterior-Interior Liiting
45 Instruments

(*o.=iun icat ions 44 Radio

:.:eapor. S.stems 4/ Armor. Armament

-. 0 (RT';ERTA A':T) DEFT :ITI :.'S

;,e followin: criteria were used in preparing t-,is report. AK-re-.,iations used

in th!e ta-les are also defined.

VS - !-li;,',-Safet. failures of the ca'a.tropiic t.pe

"" -.issinn failures of the tvpe ca-Asinv cancelled flic'ht plan, premature

rei?;rn-to-ý:ase, or precautionar- landinc,..

' - ;uem i ai ltres are unscheduled maintenance act ions die :o pi lots squawlis
'Ir lefe(ts found duirin,n inspections. incluides items for %;ich maintenance

.-a ý,e deferred witlo,ut creatin.' a fli.i•t safe:- hiazard.

- ail,ire rate per fli ot !our.

: - 'area' le iten=s are all qualifin:- failures listed aio.e.

3e t Avai';ab e Copy



NC - Non-chargeable items include parts removed for access to faulty
parts, parts removed in error during fault isolation, parts damaged
due to incorrect maintenance practices, cannibalization, accident
damage, and scheduled (TBO) removals.

C t N - Cumulative

LOC - Location during test period:

AAB - Aberdeen or Phillips AAB

AKN - Fort Fnox
ARIT - Fort l1ucker
EAF - Edwards AFB
HTC - Hughes, Culver City

5.0 SUMMARY

5.1 PROTOTYPE DATA SUMMARY
FAI LURES

SHIP NO. LOC. FLT. URS. MSN FS SYS C UM FR/FH

3 ltTC 264 8 0 105 113 0.4280

5 }HTC 807 18 0 331 349 0.4325

6 . ARV' 1000 17 0 76 93 0.0930

SARI' 230 9 0 93 102 0.4434

TOTALS (all) 2301 52 0 605 657 0.2855

TOTALS (excluding
h 6) 1301 35 0 529 564 0.4335

Failure rates for Ship 6 appear low when compared to other prototype aircraft.
This is possibly due to the type of testing performed. Records used are for

the 1000 bo-ir log evaluation test at Fort Rucker. The flight time there was
accumulated as quickly as possible and deferrable type maintenance actions
may not have been recorded. FEE failures (engine and communications equipment)
were not recorded or charzed. Refer to Table 6-5 for system details.

The data for ships No. 3, 5, and 8 were derived from day-to-dav records and
include all (FE. Some difficulty was experienced in determining which main-

tenance actions were due to failures and which were work requirements for
specific tests. Bias, if anv, is toward the high failure rate side. Refer
to tables 6-1 through 6-4 and 6-6 for detailed data.

"Best Available Copy



5.2 R & M DATA SUMMARY (PRODUCTION)

FA I LURES
SHIP NO. LOC. FLT HRS. MSN FS SYS CUM FR/FH

12929 ARU 500 8 0 154 162 0.3240

12930 ARU 500 8 0 190 198 0.3960
TOTALS: 1,000 16 344 360 0.3600

Refer to tables, 6-7 through 6-10 for detailed data. GFE failures were not recorded
or charged.

5.3 CONFIRMATORY DATA SUMMARY (PRODUCTION)

FAILURES
SHIP NO. LOC FLT 11S. MSN FS SYS CUM FR/FH

129"0 AKN 1,032

12944 AKN 1,068

12946 AKN 1,037

12955 AKN 1,053

129)5 AKN ij07
TOTAL.S: 5,269 73 0 972 1,045 0.1983

Rc-f,.r to tahl, 6-11 for details. The data includes GFE failures. A monthly breakdown
f..or these particular tests is not available.

nest A Vai4lble Copy



5.4 ADDITIONAL DATA SUMMARY (PRODUCTION)
FAILURES

SHIP NO. LOC. FLT HRS. MSN FS SYS CUM FR/FH

12916 ARU 474 12 0 39 51 0.1075

12917 HTC 183 6 0 13 19 0.1038

12918 ARU 564 10 0 37 47 0.0833

12919 EAF 286 11 0 79 90 * 0.3147

12921 ARU 900 20 0 84 104 0.1156

12923 ARU 352 2 0 15 17 ** 0.0483

12925 ARU 483 5 0 16 21 ** 0.0435

12926 ARU 652 6 0 16 22 ** 0.0352

12927 AAB 132 5 0 19 24 0.1818
TOTALS 4,026 77 318 395 0.0981

(ALL)

"Thc. failure rate data for this aircraft appears high, placing it in the same
category as the prototype and R&N ships. The type of testing undergone at
Edwards AFB is anknown, as ar- the criteria used in defining failures.

Thu failure rate data for these aircraft appears low and outside the general
pattern. The cause is probably inadequate reporting during the tirme period.
,%hun the 4uestionable data are excluded from the totals (table below) the
failure rate per flight hour is lowered. However, the first total including
all "go,,d" and "bad" data may he closer to the general average.

F A I L U R E S
FLT HRS. MSN FS SYS CllM FR/FH

2,905 59 0 208 267 0.0919

R. i,.r t table.s 6-12 and 6-1 1 for dk.tails of the data used, CFE failures (Avionics)
arn nt incluied and a monthly breakdnwn is not available.

.)1 I ,[ i.E :'ATA TABLFS

R-1, r tý, tablvt 6-1 through 6-13 felloving.

,- 8 est AvaiI.be o



"TAR1.U 6-1 PIRTZTOTYpF DATA (SiHIP No. 3)

('11M 'AILUTlkS .. (CHAR[ B Lf.Q

MONTH 1MI'RS Il' HS "S'N FS SYS I TA'lo 1A I/.

4/63 14, '4,8 1 0 44 10 0 lH00
5/63 19,() 29. 7 2 0 11 23 M4 t
6/63 12. 1 41.8 1 0 fl 34 HV.86 1
7/63 33.0 7.8 0 0 I 45 0. 08
8/63 24.5 94. 1 2 0 14 61 0.hVIS
9/63 23.0 122, 1 0 4 70 0 5946

10/63 6.4 128,5 0 0 2 72 0,575
11/63 33.A 162.3 2 0 '4 83 (3.53'
12/63 2".5 187,8 0 12 95 '• 5b65
1/64 20.8 208,6 0 0) 14 99 0.4442
2/64 18. 1 226. 7 0 0 3 102 0. 1%7
3/64 13.7 240.4 0 0 2 104 0.4404
4'64 17.2 257,6 1 0 M 113 0,418t)
S / 6 204.4 0 0 1 114 o.43,4

Crashed during arnmment tosts-i-Pilot error
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TAUtE 6-3 PI)T0TYlf DATA (SHIP W•O. 51,

CN FAT AItRES
FLI M'T FLICHT CUM•

H! "RS mom "SIN FS SYS TOTAL Flk/FH

9/63 4.5 4.5 0 0 7 7 1.5555

10/63 21.7 26.2 1 0 !5 23 0.8778

11/63 26.5 52.7 0 0 8 31 O.5R82

12/63 5.0 57.7 2 0 12 45 0.7798
1/64 55.8 113.5 2 0 21 68 0.6017

2/64 33.9 147.4 1 0 13 82 0.4833

3/64 17.0 16.4 1 0 15 98 0.5918

4/64 22.0 186.4 0 0 12 110 n.F963
5/64 49.5 235.9 0 0 17 127 0. 140

6/64 112.7 348.6 2 0 18 147 0.3964

7/64 38.2 3Vs. 8 1 0 18 166 0. 409rs

8/f64 24.3 411.1 0 0 9 175 0.4067

9164 26.6 437.7 1 0 19 195 0.4300
10/64 1.4 439.1 0 0 3 198 0.4354

11/64 18.4 457.5 0 0 7 2f5 0.4354

12/64 10.9 468.4 0 .- 2 207 0.4380

1/65 6.1 474.5 0 0 3 210 0.4387
2/65 1.2 475.7 0 0 2 212 0.4419

3/65 34.0 509.7 1 0 5 218 0.4238
4/65' 23.2 532.9 0 0 6 224 0.4166

5/65 3.9 536.8 0 0 3 227 0.41Q2

6/65 4.1 540.9 0 0 2 229 0.4198

71/65 9.2 550.1 0 0 3 232 0.41F2

9/65 15.5 565.6 1 0 8 241 0.4227

q11i 11.1 576.7 0 0 4 245 '0.42!5

10/65 6.4 583.1 0 0 3 248 0.4220

11/65 9.0 592.1 1 0 5 254 0.4258

12/65 F.s 600.9 0 0 3 257 0.4245

1/66 11.2 612.1 1 0 to 268 0.4349

"2/66 28.0 640.1 0 4 272 0.4219

3/6h 1.9 658.9 1 0 6 279 0.4206

4/6h 11.14 670.7 0 0 5 284 0.4205

51os 21, . 696.5 1 0 6 291 0.4149

h/6 12.2 708.7 0 0 5 296 0.41481

7/66 6.0 714.7 0 0 1 297 0.4127

8/0;6 ".. 1 718.8 0 0 3 300 0.4146

Q /6 Itf. 735.6 n 0 3 303 0.4091

10/A6 32.5 768.1 1 0 5 309 0.4127

11/66 o.0 768.1 0 0 7 316 .0.4219
126 . 0 7 i 4

1/h7 }'.f: 804.7 0 0 £ 324 (.4125

"6•-7 1., 806.5 n 0 1 325 0.4129
,o.0 806.5 0 0 17 342 0.432(

0lo 817.; 0 4 346 n.4320

18 0 328
-eriti i c I nspect ion

',•p cti,:: tolltnwin-4 tra-sfer o~f airc-aft

, - ,:t, ' I %', i!-.SPec i, r t_0
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TABLE 6-7 R&M DATA (65-12929)

cum FAILURES

FLICHT FLI CHT CUM
MONTH HOURS HOURS MSN FS SYS TOTAL FR/FHi

2/67 18.8 18.8 0 0 0 0
3/67 146.2 165.0 2 0 13 15 0.0909
4/67 33.3 198.3 1 0 3 19 0.0958
5/67 104.1 302.4 2 0 55 76 0.1818
6/67 142.6 445.0 2 0 51 129 0.2898
7/67 0.0 445.0 - 13 142 0.3191
8/67 55.0 500.0 1 0 19 162 0.3240

Periodic Inspection

Total man hours u Scheduled + Unscheduled - 308,2

Maint. man hours per flight hours = 308.2/500 0 0.616 H1r.

H- I
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TABLE 6-9 R&M DATA (65-12930)

cuM FAILURES
FLICHT FLICUT Cum

MONTH HOURS HOURS MSN FS SYS TOTAL FR/FH

2/67 17.3 17.3 0 0 0 0
3/67 116.2 133.5 2 0 15 17 0.1273
4/67 74.7 208.2 2 0 20 39 0.1873
5/67 27.5 235.7 1 0 14 54 0.2291
6/67 112.4 348.1 2 0 92 148 0.4251
7/67 96.6 444.7 1 0 23 172 0.3867
8/67 55.6 500.3 0 0 26 198 0.3960

Periodic Inspection

Total Manhours = Scheduled + Unscheduled • 374.8

Ma-'nt. Manhotirs per flight hour - 374.8/500 - 0.749 Hr,

~H -2 0
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TABLE 6-12 ADDITIONAL PRODUtCTION DATA

SERIAL C1TM FAI LURES
NO. FLICHT FLIC•HT C Um
65- HOURS HOURS MSN FS SYS TOTAL FR/F14

Period of Record from 1966 delivery to 11/1/67

21916 474 12 0 39 51 0,1075

21917 183 6 0 13 19 0,1038

21918 564 10 0 37 47 0.0833

21919 286 1I 0 79 9o 0,3147

21921 900 20 0 84 104 0,1156

21923 352 2 0 15 17 0,0483

21925 483 5 0 16 z1 0.0435

21926 652 6 0 16 22 0.0352

21927 132 5 0 1.9 24 0,1818
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Sikorsky Aircraft Cl -54A

A B7 .AHC, 7

The quarery Evaluation Report is submitted for the eleventh quarterly
period of fivid data collection as part of the Operations Reliability/
Maintainability Engineering Program, defined in Contract DAA-Jol-68C-0512
'31), Data :tem 08-010, DA Form 3l49-.. The data is cumulative for the 33
month period and all inform.ation not compiled in the prior reports has be.-
included as part of up-dating for this report,

CE-54A Crerations Reliability data accumulated a total of 47,993
flight hours for the 33 month period. The reliability levels for a one-
hour mission based on this data are:

Total Reliability .7845

Mission Reliability .9875

Analysis of maintainability data shows the following derivations.

Average Active Maintenance Dolntime/Flight Hour 2.3 hrs
Elapsed Mean Time to Repair 1.9 hrs
Average Manhours/Down d{our 2.8 M11
Active Maintenance %anhour!Flight 6.4 w4lH/FH
Operational Availabilliy 54.3%

The stab.. nature of the 2.8 manhours per down hour and 6.4 manhours per
:'ligrt hour value• may refleot the mat uring of the program and the continuing
el_,: t t• imprcv'ý our uDputer rrogrswr.

The increatse in zoperational availability from 54.15 to 54.3% is tne
iirec- resuIt .< a 1,Pcrr'ase in reported Administrative down time.

S-ii i i
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Slkorsky Aircraft a ,--- , -° 4___

1.4. Wi flL. C-4...SL ...

U. J. Army CHi-5sA operations in the 33 i..onths of ORME data
reporting have accumulated 47,993 flight hours anma exhisit toe following
XTbF's (Mean Time between Failures):

, Failures 4.,,- hours

Missiun Aborts QQ.I hours

These MTBF's convert to the following reliability levels for a
one-hour misstonr

Total Reliability* (i hour) .760

IMlission Reliabil_,y* (* nour) .9.,

Hardware discrepancies required 37,6t? mai:tenawce mai.-hours for
..otki corrective maintenance.

lelativell few components contribute to a high percentagez of tne
total abircraft unreliability. At the system level, powerplant, rotors and
blades, transz.;ision, instruments, hydraulics and comxsunications account
for 67.30 of all primary failures. Powerplant, A'!, hydraulics and truonsmission,
a count for 73% ofi all mission abort failures.

"'-:p "top ten" ccomnpon•ents in eacn of tihe followir.g categories account fcr
,f,,e than -

2 l ,,,f •*4; Z'ailures

"5% *< I ,•i .;siorn aoort failures

Juo. of ail ocal corrective maintenance time to repair primary failures

31'/ c' al l cal corrective maintenance manhours to repair primary failures

Total Reliatility - Probability of no failure in the specifieo time. This
category applies to all classes of failure reg.urdless
of degree of severity and includes aborts, downs, minors,
and malfunctions with no effect.

**Mission Reliaoility - Probability that a CH-5bA will experience no mission
auortinv failure in a one-hour mission.

S-2
A-',
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Sikorsky Aircraft - , =- = CH-W Lo

SUM±MARY (Gont)

The 33 month cumulative reliability statistics show a slight
c.hange in reliability relative to the 30 month figures suomitted in the last
quarterly report as shown3i

* 30 Month 33 ;lonth

C!ýmulative Cunmulative

C.i-54A Total Reliability (I hour) 785 C

CH-54A Mission Reliability (I hour) .9870 .Qe75

Tlit aistribution of failure rate amorng systems has changed slightly

s.•,ce ttie iast report. Powerplant, rotors and ulades, and traw.smission re.-

:%ain the toý three failure rate systems. Lower :,>ThF's for instrnLmc•;ts,

nydraulics and communlcations now rank these three systems as tne fourtn)
fifth axd sixth major sources of unreliability, These six major areas ao-

count for 6',',3 of toe total aircraft failure rate. i'owerplant, APF, hydraeclics

and transmission still rant as the top four major contributors of mission
auorts and are responsible for 73% of ,ne abort rate.

The "top ten" lists of componenl.s, R-l, R-ý, aid !--3, show slightly

iess irm;pact on totua: aircraft reliaLo)ilty from to, ten <orponmts.

Top 'e r; ,2mponent' cor;tributi: to aircraft -v:.rel iability halt: .i'haxged

only s•'w,, ýy "rom tnat of t .e ;.rev-ou.i reporft:

M rnth 33 .. ntn
a t. i tv, Umnulatj';e

3ed ,J. :'U." Jre rate l

as,'-1 o.', rv'o.,er of failur',es

c.ctsea on. aurr rate 27% 25•

A - : -3



Sikorsky Aircraft - REPORT NO 642 Bev

SUK14ARY (cont)

New Components in top ten lists and the components they replace from
the last quarterly are as follows:

New Components Components Deleted
Top Ten Category In Top Ten List From Top Ten List

Number of Failure (List R-2) Rotor Brake Package MGB Oil Cooler V
Assembly P/N 71428 Belt PIN 3V600

Abort Rate (List R-3) Cargo Hoist UP Pressure Generator
Tube P/N 6465-62051-061 P/N 28B139-33A

Unscheduled Maintenance Turbo shaft Engine AFCS Servo Assembly
Manhours (List R-5) Exhaust Duct P/N 571076 PIN s6265-6P551-10

S-)4 A-3A



.• ,,g•n, ,,o SEI•-64276 Re.V .T,

Sikorsky Aircraft --,- OP *Nom" WoY ""_ 06427 op. ooIL .CH-54A

:'U•1AARY (Cont)

FrJections of cumponent MTBR's (Mean Time Betweern Removals) based
,in _ý month cumulative data show slight deterioration from the 30 month cumu-
14tive figures submitted in the last report. Higher rates of failure and
damage beyond local repair yield generally lower MTBR's. (Iote that MTBR's
continue to consider overhauls and scrappage arising frxrm utn primary fail-
ures and damage.)

COMPONEI' •fIBBW';

based -.;n 30 Mortn based -i, 33 Mon~th
Cumulattve Data Cum.niativ F Data

.. ýi R.otor Heac Asser.bly 3P2 hr 291 hr

APP Ci t eb, Asembi'y 3J9 hr 311 hr

Tail Rotor Blade 374 hr 345 hr

:4ain hotor Damper Assembly 31)1 hr 395 hr

SS3-5



UgWO No SER-6276 .Bev. ~S1korsky l,., -%pop" ,.-m-..5 DOEL C4-524A

DW JCUSSION

Total Reliability

Figure A-I, the total reliability block diagram covering all major
systems shows a 4.12 nour total mean time between failures and .'7845 total
aircraft reliability for a one-hour mission. The system code digits shown
in the block diagram define system boundaries and the hardware included.
They are defined in Appendix A2-1 of the ORE Handbook.

There were no changes in the total MTBF or the Reliability covering major
systems from the last quarterly report.

30 Month 33 M'onth

Cumulative Cumulative

MTBF 14 .12,r 1i2 'hr

Reliability (1 hour) .785

Figure A-1 shows powerplant, rotors and blades, transmission, instru-
:..eats, hydraulics and communications as the major contributors to unrelia-
oiiity. Taken together these major systems account for 67.4% of all fail-
ures observed in the reporting period. Figures A-2 through A-7 show the
ureakout of total reliability among the individual system codes within
these areas.

.lower-lant - Figure A-2 highlights the engine and engint_ exhaust
areas. M:ajor problem items are tailpi-,es, flex
shafts, fuel controls and exhaust ducts.

o:tors & _;lades - Figure A-3 shows both tail and main rctor blades
and the main rotor head to be major contrioutors to
unret iabi ity. ,.ajor problem items ar"e tail rotor
blade erosio:., main rotor blade tip ca-ps, and main
rotor nead droot: restrainers.

Tresission - Figure A-14 h'ghlights the rotor brake, main trans-
mission and M.E oil cooler. Rotor brake pucks &
support bractlets are large contributors to unrelia-
bility. Main transmission failures are distributed
among many component parts. Oil cooler V belts are
the highest .sýingle contributors to MGh oil cooler
;nrel iabili t.;-

a"oe No
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instruments - Figure A-5 highlights the instruments (from detector
to indicator). The generator tachometer, servo net-

work and the fuel flow transmitter are the major

sources of unreliability.

§.&raulics - Figure A-6 highlights the cargo hoist and flight
control hydraulics. Hoist up pressure tube, hoist
pum-p, 1st stage hydraulic pump and the 2nd stage

hydraulic manifold are the major sources of unrelia-

bility.

Com:nzu.nications - Figure A-7 hlgh.ights the ARC-54 VHF radio sets.

"Corrective actlon procedures for increasing tue

reliasility of various components and systems are

discussed in detail in SER-64272-1 Monthly Progress

Accomplishnent Beport.

Mission Heliability

Figure A-8, the total mission reliability block diagram, shows an

;.-.12 'our total mean time between failures for mission auorts and .9875 one-

nour missiorn reliability.

Thes, levels represent a 5% improvement in mission abort MTlIb from
t ne last quarterly report.

30 Month 3, MLonth
Camulative CumuIative

N'I'bF, aborts 76.6 nr 80.2 nr

Mission h-;.Iability (I hour) .9870 .9875

Figure A-5 riws powerl-lant, APP, hydrauii.-s and tr•ansmissiot, continue

t . the mal'or vontrivutors to 'one mission abort rate. Taken toge!, ner these

four major systems account for 73.5% of all mission aborts observed in the ro-

porting periou. Figures A-9 through A-12 show the oreakout oi missiun relia-
uiii.y wnong the ir;dividual system coaes within theso four areas.

iPowerplant - Figure A-9 nighlights the engine and engine hydraulic
start. Fuel controls, engine start hydraulic lines,

fuel pumps & r1ex shafts are important mission abort

items.

A-b S-7
WN 1-1



Sikorsky Aircraft MOL. .,ýj-4

ApP - Figure A-1O highlights the APil, itself. The AV'P fuel
pressure switch and the A14 fuel control rre signifi-
cant abort items.

Hydraulics - Figure A-!I shows cargo hoist hydraulics account. for
55.b% of all hydraulic aborts. Pressure lires are
a significant suurct of mission auorts.

Transmission - Figure A-i2 sho)ws the main transmission and the rain
gear box cil cooler to be major contributors wmong
transmission systems. The oil coc2er V belt is a
large single source of aborts.

S-8
A-7_
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Failure Rates and Reliabilities

(Data Item 09-60ý10)

SYSTEMS

Table A-i, Section D of this reports provides the failure rates,
Sreliabilities, and abort rates observed in this reporting period by
system.

Thirty-three month cumulative behavior shows an increase in the
reliability in a r.umoer of tne systems relative to the 30 month cumu-
lative behavior documented in the previous quarterly report.

• •Table A-I shows a high concentration of primary failures in the

following areas: powerplant, rotors and blades, transmission, instruments,
hydraulics and communications. Taken together the systems in tnese major
groupings account for an observed .163 failures per flight hour,6 7% of

the total .243 failures per flight hour for the overall aircraft.

The ten individual system codes with the highest observed failure

* •rates are as follows:

System Code Nomenclature FbailurRateli
(Failures per hr) (I hour)

JF'IDl2A-hA Turboshaft Engines ,021503 .9787

' • 293010 Lngi:.e Exhaust .010939 .9891

!5160o Tu.. Rotor Blade .01U814 .9892

151500 Main Rotor Blade o010064 .9900

* 514500 Instramfentz .009731. .9903

15.000 Main Rotor Head .008522 .9915

263560 Rotor Brake =008418 .9916

263510 Mf.in Transmission .0080b3 .9920

456560 Cargo Hoist Hydraulics .007668 .9924

626010 ARC-54 VHF/FM .007605 .9924

S-21
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Taken together these ten system codes account for .103 failures per

flight hour, 43% of the aircraft total.

3-22 
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Table A-i shows a continued high concentration of mission abort failures
in four' areas: powerplant, APP, hydraulics, and transmission. Taken together
the systems in these four major groupings account for an observed .0092 aborts
per flight hour , 74% of the total .0125 aborts per flight hour for the overall

* aircraft.

The ten individual system codes with the highest observed abort rates
are as follows:

System Code Nomenclature Filure Rate Rellabilit'
(Failures per hour) (I hour)

JFTDl2A-4A Turboshaft Engines .X02271 .9977

T-62-T-16Ai APP .001563 .99814

456560 Cargo Hoist Hydraulics '001104 .9989

4 495020 Cargo Winch .000667 .9993

93020 Engine Controls ,000604 .9994

293030 Engine Hydraulic Start .000604 .9991J

V 243000 APP Hydraulic Start .000479 .9995

263510 Main Transmission .000438 .9996

"5114500 Instruments .0003(46 .9996

425520 Generator .000354 .9997

2t3570 MGB Cil Cooler .000313 .9997

'aken together these ten system codes account for .0088 abort failures

per flight hour, 71% of" the aircraft total.

Thy MOGB Oil Cooler System code is a new entry in this list replacing

tr,e 1Ati.ALy Hydraulic system code present in the previous 30 month cumulative

kJ~t. The hngine Controls and Engine Hydraulic Start system codes have tied

w.iE the fifth highest abort rate.

A-22 S-23mG O
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Table A-i shows a continued high concentratior of maintenance man-
hours to repair primary failures in four areas: powerplant, transmission,
rotors and blades, and hydraulics. Taken together the systems in these
four major groupings account for an observed 25,290.8 maintenance manhours
to repair primary failures, 67% )f the total 37,662.2 manhours to repair
all primary failures in all aircraft systems.

The ten individual system codes with the most maintenance marhours
for primary failure repair are as follows:

Maintenance Manhours to
Systen Code Nomenclature Repair Prim,-iry Failures

JFTZi2A-4A Turboshaft Engines 6359,2

05O0C Main Rotor Head 3249.7

2o3520 Main Transmission 3139.'

•o5tu0 "argo Hoist. Hydraulics

argco WinLt. 138?

y.1500 :Xain Rotor ilade .172.2

i- I -. ,l .•i(,L7 .°

, .- ';",,!_ r I* " f adc C% )

S- :. i-;.X.g" ,- z.xnausts 12 -'

T'te: o.;getner tnese ten system codes account for 21,179-2 main tenar-,e
m ' 't 5 f the total requilrec to repair all nrizary :ai-:'.res 0bserveu

;,r, rhc alrtra~ft.

A-23POE N
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* Table A-I shows a continued high concentration of elapsed maintenance
time to rept•ir primary failures in five areas: powerplarIL, transmission,
rotors and blades, hydraulics and airframe. Taken together the systems ir
these five major groupings account for an observed 15,526.3 elapsed hours
for maintenance to repair primary failures, 69% of the total 22,530.9 hours
to repair all primary failures in all aircratt systems.

p
The ten individual system codes with the most elapsed time for pri-

mary failure repair are as follows:

tlapsid Tire for Primary Failure

6stem Code Nomenclature Repair Active Maintenance

-jFTDL:,A-4A Turboshaft Engines .4,8.5

1.'a•i Transmissicn.

l5i1000 :Mlaif. Rotor Head 130.5

')u6-uc Cargo Hoist Hydraulics

i5a6o0 Tail Rotor Blade 732.2

*.93010 Englne Exhaust 715.7

4 p520 CaLro Winchi '11.H

: . E%~.70

i,5U' Matrn Potor Blade 663.'3

D Rot.:' Brake 637.4

Taken together these system codes account for 11869.8 elapsed
nours, 53% of tne total required to repair all primary raiiures observed

on the airraft.

*The system codes present in the previous 30 month cumulative list have remained
virtually the same, except the order has changed.

A-24 S-25
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COMPONENTS

Table A-2, Section D of this report, provides the failure rates,
reliabilities, and abort rates observed in this reporting period ty com-
portent.

Within each system code Table A-2 arranges components' alpha-numer-
ically :.y 2ikorsky wid vendor part numoer of three levels of hardware,
assembily, subassembly, ana component. Corresponding federal stock ,aum-
bers are also shown.

List R-l in this section shows the tern assembly part numoers with
the highest reported failure rates. Taken together they contribute l5%
tne total aircraft failure rate. There are no new additions or dele,-.ons
to List R-1 for the last quarter.

R-1 printout entries correspond to the part numbers shown. I:. some
cases Table A-2 reports additional failures of the same hardware againrt
alternate part numbers qo that the actual number of failures, *:orponen:.
ftilure rates, and percentages are higner.

In general, the h-l printout re.'lects the nardware level at whior1
-Qponert replacement was performed or, the aircraft. Major components

such as the main transmission, for wni ',b Table A-I shows a total .0:.)80o 3
failures per hour, do not appear since tnese failures are distributeq
wi-ungIl setparite .juwer level assemblit.s, t-ach of w'icn i- repairaL:.e, or
rtircteabe orn tntý aircraft.

k-1 entries for the ergine exhaust tailpipe, t'ai rctor tja,
and rotor urake support bracket identify the failed rnrdware mean:ingf'uliy,
in: sufficient detail to show where reliability improvem.nt at the compoIf'nt
level can, providt, a relatively high yield in total filur, flxr redu2tion.

Other entries require additional explanation. Table A-K: in Jectior:
- shows oat:

Approximately 18% of all APP clutch malfunctions were
traced to SBI125-1 bearings. An increase in failures
in other subsystems haa diluted the effect of the clutch
problem relative to the total system.

26 A-25
A-26ME N



S Z IIIiii..-... .. .

Sikorsky Aircraft - H CH-54A

Approximately 41% of all engine malfunctions diagnosed below

the assembly level are attributable to exhaust ducts, fuel
controls, fuel pumps, and shafts. Note tnat Table A-I shows
1032 failures against the engine system code, more than four times
the number shown in R-1. The remaining 784 are distributed
among alternate part numbers and engine component parts acces-
sible for on-aircraft repair or replacement.

Approximately one-quarter of all rotor brake malfunctions
diagnosed below the assembly level are attributable to brake
pucks. Puck failures together with rotor brake support
bracket failures account for almost one half of all diagnosed
failures. Note that TabLe A-i shows 404 failuras against the

* rotor brake system code, more than four times the number shown
in R-I. The remaining 319 are distributed wmong alternate
part rnumbers and rotor brake component parts accessible for
on-aircrtft repair or replacement.

Apuro~ir.ately 20% of all arti-coliizior 'ight fai'_retr are atty,-
-c;tablo to ,tXb335-T)Y, iiicandescen' gt. failurtes. .'tbir A-,

*n snws 313 P'ailures agaiinst thbz exterior iignt systt- code, more
tot twice the number sh,ŽLz in F-;. "ne remaining 172 lire dis-
triuoted among alternate part numbers and various componnents
accessible .'or ,n-aircrat repair or repiacem,:•ent.

AMtr-imnately 2A% cf all MGL oil cooler malfunct,.r.n bel.cw
t_.e ausemb.y level are attrltutable to tnt upper, icwer ano

P iIl:r tIleys. Tatle A-I snows 326 failures againrst trnt M%1

"oil cooler system code, more than twice the ,awnount shown in
P-I. The remaining 194 are distributed Ermong vario.us co.mponents
a''essbite for on-aircraft repair or reptaFcexnt..

A r l';ese evaluation of ARC-54 failures is impossiole because it
S requires additional data that is not currently available to ORE's. Meaningful

iaeqtificatior, "f failure phenomenon requires electronic diagnosis within the
reciver-transi:.t ter to the component level. Current maintenance facilities at
CH-54A operatio:: sites do not permit such diagnosis. (The ARC-54 is being re-
placed by the AHC-i3i.)

The ARC-51 UHF receiver-transmitter is similar to the ARC-54 receiver-
* transmitter it. that additional electronic diagnosis within these units is nec-

essary for true component level reporting. Its failure rate is substantially
lower and the effects of its failures ipon mission reliability, maintenance
marihours and elarped maitntenalce downtime is substantialiy less. Depending upon
the ex:, t nature of the failure modes, failure rates may Lu rEosc,riajbl,: anwd jus-
"tifýiae in ligot of toe complexity inherent in this unit. Table A-i shows an ob-

served 461.,$ hr VI.PB' for the AHC-51 system, - a level nour' than, Four tim.!s higher

* than the 100 hr specified by procurement specification Mli,-h-2?659b (As),
S-27
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In order .,, identify problem areas and possible future problems,
additional top ten ".ts are included for the first time. These new lists
are identified ,y tm,, suffix A, and include only the data received during
the past 3 month peA;d. In this way we can better determine what are
the current problem ireas and if a potential fix has been made, whether
or not it is effective.
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:.;st F-2 in this section shows the ten part numbers with the highest
repo:.*.- aumber of failures. This criterion spotlights cases where component
failure rttes below H-l's top ten combine with high quantities-per-aircraft to
yield signifiant contributions to the total aircraft failure rate. Note
that List R-' accounts for approximately 21% of the total aircraft failure
rate whileo *ist R-I accounts for only 15%. Specifically List R-2 shows that:

6415-20209-0l4 Main Rotor Blade Tip Cap
64:5-20201-041 Main Rotor Blade Assembly
u5-;-60-00001-045 Tail Rotor Blade Assembly
c..35-6y02e-01C Tail Drive Shaft Support Assembly

Rotor Brake Package Assembly

fall below List R-l's top ten cn the basis of failure rates but contribute
ss,.~taý..`ay t-1 aircraft unreliabihity.

The Rotsr Brake Package P/N 7142% is a new enti-y in R-2 replacing the
..: ' "iLt er '.' "Be~t ?/:: 3V760 present in the previous 30-month cumulative

"s ý-2A shows those items with the highest number of failures which
:.":- z:currea during .-. past quarte~r. A review of the Monthly Accomplishement
e''::.. 2.��wi -, . describe the corrective action taken.

St vat!!~-`I COPY
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List R-3 in this section shows the ten component part numbers with
the highest reported mission abort rates. Taken together they contribUte
25% of the total mission abort rate.

The Cargo Hoiat Up Presoure tube, P/N 6465-62051-061, is a new entry
in R-3 replacing the Generator, P/N 28BI39-33A, present in the previous
30 month cumulative list,

R-3 printout entries correspond to the part numbers shown. In some
cases Table A-2 reports additional abort* of the same hardware against al-
ternate part numbers so that the actual number of aborts, component abort
rates, and percentages are higher.

R-3 shows 22% of the total mission abort rate concentrated in en-
gine, APP, powerplant and engine control components necessary for the en-
gine start cycle.

Virtually all R-3 entries are well defined. Components are identi-
fied meaningfully - in sufficient detail to show where reliability improve-
ment at the component level can provide a reduction in the total abort rate.
List R-3A shows those components with the highest report mission abort rates
during the last quarter.

List R-4 shows the ten component part numbers with the most reported
elapsed active maintenance time required to repair primary failures. R-4
highlights cases where tht combined effects of high failure rates and lengthy
times to repair have an overall large impact on the total maintenance re-
quired to support the aircraft. Taken together these ten components are re-
sponsible for approximately 26% of the total time required to repair all
observed primary failures.

There has been virtually no change in List R-4 from the previous 30
month cumulative list.

List R-4A shows those components with the most reported elapsed ac-
tive maintenance time required to repair primary failures during the last
quarter.

sJ-34



41*

It

"I I
'I0

O F t

I IAo.. , p, ,P l '

0, 1t•'i 0+ 1 * •

V) 00 Wy

z .4 I

I+ "
ix #A

C0 0 A

+ •: ++ +

otn , .I * I

S- -3

S I II



'Iz

* I.

0, 00

ow

m l~a .a - * 0, 0, 0

0 4 .4 . 4 d 4 -

-j .



wI-I

bw

vi w

I ID

dl.S ii

C) II ty *

V~w~i

: -F
0* P,

9- ki ,1 aI
cy V.u S-37b~



I on i

64 I:

IA.

.41

C.*

I. a It90 1

a in w



Sikorsky Aircraft ---- N -- WP. 00"0""W

List R-5 showv the ten compacent part numbers with the most reported
maintenance manhours required to repair primary failures. R-5 highlights
cases where the combined effects of high failure rates, lengthy times to
repair, and required large complements of maintenance personnel have an

0 overall large impact on the total aircraft maintenance burden. Taken to-
gether these ten components are responsible for 31% of the total maintenance
manhour work load required to repair all primary failures.

The Turbo Shaft Engine Exhaust Duct, P/N 571076, is a new entry in
R-5 replacing the AFCS Sewvo Assembly, P/N 86265-62551-10 present in the
previous 30 month cumulative list.

R-5 printout entries correspond to the part numbers shown. In some
cases Table A-2 shove additional maintenance required to repair primary
failures of the same hardware against alternate part numbers so that the actual
mainterance times and percentages are higher.

List R-5A shove those components vith th.- most reported maintenance Manhours
required to repair primary failures, during the last quarter.

p
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Mean Time Between Removals UOTBR)

(Data Item 08-010-2)

The component control table, Table A-3 in Sectlon D, provides ,CBR'z
for all on-condition and TBO components listed in TB 55-I•00-.07-25,
October 1968.

For each component, the analysis combines the reported number of
unscheduled removals beyond local repair, the acc, .ulated co.;onent f!•ght
time, and the TBO or retirement interval currently in effect to protect long,
term estimates of mean time between removals.

Table A-3 continues to show the effect of se.:or.darj fail.ures and

da.-..tge on the '.fB.F of relatively few zc.ponents.

:omDonent Effect of Secondary Failures and Damage on !rTR

Secondary Failure and Damage Rate
Primary Failure Rate

Main Rotor Blade 1.89
Cargo Hoist Catbe Assembly _19
M"ain Rotor Head o t^
Engine Assembly, Turbo .72
Cargo Hook .26
Ma:n :ear Bsx .2L

7 ev-. ,'-her -o.-,3cnent :TBR's are shight.y aff,"-tei -y sec:ndary
r'& and `r.age. -he effe-!t or. thesý. co.ponern/: is :-ss thar.-

• - fai'u rate.

to t' last quarterly r'i.ort Table A-3 shows le coc-onentr
' "' "'-'-' -. i "w"th higher '=F?'s. As cuitlr•'l ahove, except •-"

,,;'.y - _z. '-..tz the effet of adding sý:ondary faiiur- %nd da.-.e
r .ý g t :n gneral. vderTBR's are atri-'utatle to h'igher

.. r7r-a: faiilure- requiring overhau- or s!!raprage.
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Table A-3 identifies the following as the lowest projected MTBR

i temsr:

MTBR MTBR
Based on 30 Month Based on 33 Month

Component Cumulative Data Cumulative Data

Main Rotor Head Assembly 322 hr. 291 hr.
a.

APP Clutch Assembly 309 hr. 311 hr.

Tail Rotor Blade 374 hr. 345 hr.

Mair Rotor Damper Assembly 391 hr. 395 hr.

q
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MAINTAINABI LITY

This section provides detail reporting of the following program re-
quirements:

Average Active Maintenance Downtime/Flight Hour

On-Aircraft MTIR (Mean Time to Repair) for Components,
Subsystems, and System

Average Manhours/Active Maintenance Downhour

Active Maintenance Mannours/Flight Hour

* The data inputs are compiled a;d tabulated using electronic data
Erocessing with programming techniques to provide detailed rune for the above
itezs. The computer programs for maintenance, utilization and availability
aata are equipped to process data on ten million total cumulative elapsed
nours and mannours and 100,000 corrective or preventive maintenence actions.
T-.ese prograns provide averages and rates directly applicable Do the contract

•t%~ items.

'sasej on &nýiLysis of the `3 months accumulated data frror. all locations,
"._ resu . v• ,'aines of the above characteristics are sur,,arized as fo&lows
ang win- -.. c cnange from that of the previous q'4arterly. report;

::-lAACER•ISTICS Value Trend

Average Active Maintenance Downtime/Flight 2.3 40.1
.our

2. Slapsed 4eean Time to Repair (Corrective, i.9 +0.0
elapsed)

3. Average Manhours/Dovnhour 2.8 -0.0

4. Active Maintenance Manhours/Flight Hour 6,4 ±0.0

Organization codes cited on the Tables in Section D are identified in
Amendment I of the ORE Handbook.

B-2
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Average Active Maintenance Downtime per Flight Hour
(Data Item 08-01o-4)

The presentation of this data item has been expanded to display (1)
the current calendar quarter and (2) the total cmulative data. The analysis
is further subdivided to permit comparison of maintenance activity character-
istics between USAREUR, RVN and CONUS operations for the above calendar per-
iods.

Based on all contract data inputs for 33 calendar months, the cumula-
tive average active maintenance downtime per flight hour (for corrective
and preventive maintenance actions) is as follows:

CONUS RVN USAREUR ALL LOCATIONS

Corrective Maintenance DH/FH 0.7 0.5 0.5 0.5

Preventive Maintenance DH/FH 1.6 1.8 2.0 1.8

Total Ma.itenance DH/FH 2.3 2.3 2.5 2.3

The complete analysis is presented in Table B-1 of Section D.

B- 3
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On-Aircraft Component and System Mean Time to Repair (MTTR)
(Data Item 08-010-5)

The 7TTR for corrective maintenance actions, as defined in the ORE
Handbook, is presented in Tables B-I and B-2 of Section D. The analysis is
presented by total aircraft and major subsystem for (1) the current calendar
quarter and ý2) the total cumulative data. The analysis is further subdivided
to perm.,it repair time comparisons between USAREUB, RVN and CONUS operations
for tne above calendar periods. The analysis for component MTTR is an exten-
si've data run and therefore is presented only for the cumulative 33 month
period at all operating locations combined.

Based on corrective action data inputs from all locations for the 33
montns of the program, the cumulative average active elapsed repair time for
the total CH-54A system is as follows:

COnUS RVN USAREUR ALL LOCATIONS
-I. Trs 2.0 hrs 2.0 hrs '.9 hrs

Refer to Tables B-2 and B-3 of 3ection L for manor subsystem breakout
and component ainalysis data run. Also, the M"i''Re and %7TR-. for the major
subsystems is graphically displayed in Figure B-I, ;gae B-5.

B- e
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FUEL SYST.EM '7.2

TRANSMISSION N

POWER PLANT • •,.

1N 
4.2

FURNISHIN- S ,2

ROTORS & BSLADES 1.

FLIGHT CONTROL.

HYDRAULIC 4.5

AARFRANME; 3.1

APP3-

LANDING GEAR • 2."

HEATE4Nj -2.S

NAVIGATION I

AFCS /

E-LECTR ICAL 1.1

INSTRUMENT .9
MEAN_, TIMETO REPAIR

COMMUNICATION 00.7 , ELAPSED HOURS-(MTTR-)

:*•M MANHOURS (MTTRI "

1 2 3 4 5 6 7 8 9. 10 12 ,5 !34 15 16 J7 IS 19 20 21 22 23 24

FIGURE 8-I:. M EAN CORRECTIVE MAINTENANCE TIME
ALL LOCATIONS -3S MONTH AVERAGE.
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Averae Ma.hours Rer Active mtaintensece Dovnhour
(Data Item 08-010-6)

The average active manhours per active maintenance dovnhour is pre-
sented for the total CH-54A system in Tables B-I and B-2, and for subsystems
and components in Table B-3, Section D of this report.

The analysis is presented for (1) the current calendar quarter and
(2) the total cumulative data.. The analysis is further subdivided to permit
comparison between USAREUR, RVN and CONUS operations for the above calendar

* periods.

Active maintenance manhours per flight hour are also of prime interest
in evaluating the weapon system characteristics. Thi.s value is cited along
with active manhours per dovnhour in the following summation of the 33 months
accumulated data.

* CONUS RVN USAREUR All Locations
W )GiIFH MHIDH MiFl MH =11M Ff DH ~O~fFH

Corrective Maintenance 1.2 1.15 1.9 0.91 1.4 0.72 1.8 0.95

Preventive :'.aintenance 3ý 5.3 ý- 5.1.6 2.4 4.50 3- 54

C Corbbined 2.9 6.51 2.8 6.37 2.2 5.52 2.8 6.36

Spares Cannibalization 0.13 0 0.20 00

Total 6.64 6.44 5.72 6.45

Data •,put totals for the above calculated values are shown in Tables
-1i and f-2 of Section D.

A further analysis by maintenance levels of the above active NIH/FH

for the 33 months accumulated data, excluding cannibalizations, is as follows:

All
CONUS RVN USAREUR Locations

Org. Level - Corrective MH/FH 0.78 0.68 0.25 o.68
Org. Level - Preventive HI/FH 5.28 .L6.

Sub-total 6.10 5.96 5.01 5.95

Direct Support - Corrective MR/FH 0.37 0.23 0.47 0.27
Direct Support - Preventive ME/FH 9J.j 0.18 0.04 .14

Sub-total o.41 o.41- o 0.41
rcta 6.51 5.52 3

B-6
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Availability and Utilization

* The data submitted within this section includes the following cate-
gories:

Inherent Availability
S Achieved Availability
Operational Availability
Mean Configuration Change Time

* .ip Average Flight Hours
* Average Flight Duration
* IAverage Turnaround Time

Each additional recurring quarterly report will be provided with an
increasingly larger sample of accumulated data on which to base these tabu-
lations and averages.

Included in this report are tables showing the types of missions
flown as coded in the field and identified in the ORME Handbook, Appendix 1-5.
These tables identified as Aircraft Utilization - Flight Time and Mission
Type (Tables C-18 thru C-34) are located in the Appendix Section for refer-
ence.

Flight data as shown in D-B and D-C Tables reflects only that flying
time on the aircraft under cognizance of the Operations Reliability Engineer
in the field and not the total flying hours of all CH-54A aircraft for the
program period.

5ased on analysis of 33 months accumulated data, resultant values
W of the above characteristics are summarized as follows along with the net

change from that of the previous quarterly report.

CHARACTERISTICS Value Trend

Inherent Availability 57.2 -10.7%
Achieved Availability 89.2% +0.3%
Operational Availability 54.3% +0.2%
Mean Configuration Change Time (Elapsed 0.4 ±0.0

Hours)
Average Flight Hours/Quarter/Aircraft 69.3 -1.0
Average Flight Duration-Hours 2.6 +0.1
Average Turnaround Time (Elapsed Hours) 0.2 +0.0

The operational and inherent availability is graphically displayed in
Figures C-1 and C-2, pages C-9 and C-10, respectively.

- S-51
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Inherent Ayailabili.t~y

(Data Item 08-01L7)

The inherent availability, as defined in the ORE Handbook, is a
measurement of availability in terms of inherent reliability (MTBF) and
average repair times for those malfunctions used to calculate that relia-
bility. it is expressed by:

MTBF
ICBF + MTTRe

The inherent availability is shown below for the totsI 33 month
cumulative data:

Cumulative Data
33 Montht

All Locations 3rd qtr 19L0

Flignt Time, Hours* 47,994 3,001

•u•ntity o' Primar/ Faiiures** 1l,64O 667

M(hB, nours 4.12 4.49

ownrtime for Failures**, Hours 37,662 2,247

:... .. Hours + 3.23 3.36

.nnerent Availacility 56.^% 57.2%

7he -_jtu..tive (33 months) inherent availability has dropped 11.7%
ovin to a g..gn.ficanm -increase in WTTR The 3rd quarter Inherent availability
has also dropped (12.2%) ending an upward trend which was apparent since the
4th quarter '69. The 3rd quarter 70 MTTR has also increased significantly
as has the failure rate and downtime relative to quantity of primary failures.
The inherent availability trend by calendar quarters is shown in Figure C-2,
page C-10.

• From Table B-1
From Table A-1, excludes corrective actions not claf'ed as primary
failures. Total corrective actions cited in Tablec B-1 and B-2.

+ Total primary failure active elapsed maintenance time/total primary
failures.
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Achieved Availability

Achieved Availability (A&) as defined in MIL-STD-778 differs from
Inherent Availability (Ai) in that Ai deals only with equipment operating

p time, primary failures and the associated failure repair time, whereas, Aa
includes operating time, ready time, failure repair and preventive inspec-
tion time. Therefore, one explanation of Aa is to define it as a more in-
clusive version of Ai, with no now factors introduced which are not directly
a function of the designed reliability and/or the pro-planned maintenance

cycles. Achieved Availability iS expressed as:

Aa = MTBM
MTBM+3

where:
MTBM a Mean-T~me-Between-Maintenence consisting of (for a given

calendar interval) the sum of the operating time and operationally

* ready time divided by the sum of the corrective and preventive mainten-
ance actions performed.

S- Mean Active Maintenance Downtime consisting of (for a given
c~lendar interval) the sum of the active corrective and preventive main-
tenance downtime divided by the sum of the corrective and preventive

m.i-.tenance actions performed (excluding cannibalization actions and

associated downtime) and where all supply, support equipment and admin-
istrative downtime is considered to be operationally ready time.

taus:

Operating Time + Ready Time
Corrective Actions + Preventive Actions

9l Aa =
ORerating Time + Corrective Downtime + Preventive Downtime

Corrective Actions + Preventive Actions

Operating Time ' Ready Time
Operating Time + Ready Time + All Maintenance Downtime

O0eratiA Time + Ready _Time
Total Elapsed Time

Using the above definition for MTIM and M and the further derivation

for Aa, it is seen that Aa can also be defined as Operational Availability (as

defined by the ORE Handbook and MIL-STD-178) with the supply, support equip-

* ment and administrative downtime treated as operationally ready time.

c_4 S-53
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The Achieved Avaiiability shown below for the current quarter and
for the total 33 month cuimulative data is bosed on the above definition
and data from Tables C-2 through 1-17 of Section D.

3rd Quarter uCumulative Data
.. 190 . .3 Mnths

Operating Time + Ready Time (hrs) 38,7147 514,531
Corrective Actions Downtime (hrs) 3,144 69,881
Preventive Actions Dow.-ntime (hrs) 2,381 32,789

*Administrative Downtime (hrs) !0,738 169,349
"*Spply Downtime (hrs) 13,554 159,461
*Support Equipment Downtime (hrs) 240 812
Total Operationally Ready Time 63,259 844,153
Total Elapsed Time 68,784 946,823
Acnieved Availability 91.900 89.2%

*Treated as Operationally Ready Time

T

L~
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* Operational Availability

(Data Item 08-010-8)x

The Operational Availability, as defined in the ORE Handbook, considers
* flight and ready time and all downtime for maintenance, supply, and administra-

tive reasons. The detailed summations are presented in Tables C-i through
C-17, Section D. The trend by calendar querter is shorn in Table C-I and
graphically in Figures C-i aMd C-2, pages C-9 and C-1Q, respectively.

The tables of Section D present the data for (1) the current calendar
quarter and (2) the total cumulative data. The analysLs is further subdivided

* to show comparisons between RVN, CONUS, and USAREUR operations for the above
calendar periods.

*• The data inputs show the following operational availability, along with

the change from the previous quarter:

34 Qu.. rte - 1 21.0. All

CONUS A RVN A USAREU,& A Locations A

1. Operational
Availability: 53,5% -13.7% 62.2% +4.7% 48.7% -25.31 56.3% -6.6%

* 2. Not Ready Drie to:

%. Prey. Mlaint. 4 . 2% +0.9% 4.0% +0.5% 1.2% -. 05% 3.5% +0.4%
b. Corr. Maint. 3.5% +1.0% 6.7% -6.6% 1.8% +0:2% 4.6% -3.7%
C. Supply 29.4% +11.4% 7.3% -6.8% 32.0% +21.4% eOO% +5.5%
d. Adinin. 9.4% +0.4% 19.8% +8.0% 16.3% +4.2% 15.6% +4.4%

l Total Not Ready: 46.5% 37.8% 51.3% 43.7%

33 Monrth Cumulative

1.C'perat' -na-
Availability: 54.6% +0.2% 52.1% +0.6% 66.9% -2.9% 54.3% +0.2%

2. Not Ready Due to:

a. Prey. Maint. 3.5% +0.1% 3.8% ±0.0% i.4% ±0.0% 3.5% ±0.0%
b. Corr. Aaint. 4.1% -0.1% 9.8 -0.2% 1.8% -0.1% 7.4% -0.2%
c. Supply 22.0% +o.6% 14.9% -0.3% 15.3% +2.9% 16.9% +0.3%

d. Admin. 15.8% -0.8 19.4 -0.1% 14.6% +0.1% 17.9% -0.3%

Total Not Ready: 45.4% 47.9% 33.1% 45.7%

o S-55
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The operational availability presentation readily shows excursions
from previous quarterly report averages. Examination of the Tables of

Section D permits further isolation of gross changes by operating theater

to specific activities.

3rd Quarter 1970

- The decrease (-13.7%) in operation&i availability is due to increases in

maintenance, supply, and administrative downtime.

RVN - Operational availability has increased (+4.7%) as a result of decreases

rnrmai. tenance and supply downtime.

USAEUR - The operational availability has decreased significantly (-25.3%)

primarily due tc increases in supply downtime (+21.4%) and less significant

increases in administrative downtime.

ALL LOCATIONS - The ovwrall operational availability showed a slight decrease

r-6.6%) as a result of an increase in supply, preventive maintenance, and admin-

istrative downtime.

Culu.ative - 33 Months

CONUS - The cunulative operational availability increased (0.2%) as a result of

a general decrease in administrative and corrective maintenance downtime.

RVN - An increase (+0.6%) in the cumulative operational availability is the

result of a reduction in corrective maintenance, supply, and administrative

downtime.

USAREUR - Overall operational availab..ltty decreased lightly due to a small

increase in supply downtime,

ALL LOCATIONS - The cuo.ulative operational availability incr-eased (+0.2%) as a
result of t decrease in administrative, and corrective maintenance downtime.

Analysts of .. r.raft downtime reported for supply shortages of components

was performed and the following list cites the top ten contributors to operational
unavailability for supply reasons over the 33 month period of this report. Items

are ranked in descending order for the combined operational theaters, and show

the reduction of overall availability in the specified theater due to shortages

of the listed cononent.

C-7
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ALL
Ran.k Comonent CONUS R__ USAREUR LOCATIONS

I. Engine Fuel Control o,7% 0.9% 4.3%
P/N 571073
FSN 291i-928-3906

2 Tail Rotor Head Assy. 2.6% 0.1% 0.4% 0.9%
P/N 65!ii-07000-047, -045

65110-07000-047
FSN 1615-975-0475

3 Clutch Assy. APP 2.3% 0.3% 0.0% 0.8%
P/N S6137-91000-015, -016,

-013 1'
FSN 1615-915-7142I
.a11 Rotor Blade Assy. 0,3% 1.1% 1.3% 0.8%
F/1; 6516o0o000o-0 45,-042,-0Q4

FSN 1615-966-6051

5 Engine Model 'T73-P-I 0.7S 0.7% 0.0% 0,7%
P/:; :72200 & 6430-811C0-043
FS:: 2840-904-2461

6 :afi Rotor Head Assy. 0.1% 1.0% 0.0% 0.5%
-/ :7"• , ' If "./N,41-20,004-0N ,-',15 ,-016

-01? ,-C23,-02'
FSN 16-915-7142

7 Speedi A2tuator l.0% 0.0% 0,41 0.5%

FSN L-qcs-89•-ý461
o.:prort issy , Bearing 1.5% 9.0, 0.l, 0.4%

FZ: Z65-9 15- ',313
.>air. Rotor Blade Assy. .5% ,,5% 0.CZ 0.C07

i0 Core, hlex Shaft 0.2% 0.5% 0.0% o.4%
?P/N 572781
FSN 2995-914-5940

9
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Averane Fliaht Hours vpr Aircraft
(Data Item 08-010-10)

Analysis of data processed from the Daily Flight Records, SA 978-3,
is shown in Tables C-18 through C-26 of Section D. The data it presented
for (1) the current calendar quarter, and (2) the total cumulative data.

The analysis is further subdivided in these tables to show each
characterist'c by USARHUR, RVN and CONJS to compare operational theaters.

The average flight hours accumulated on each aircraft by serial num-
ber ana location is shown in Table C-18. For all reported aircraft com-
binedtne inforration is as follows:

3rd ýuarter

1970 .33 Months

Average Flight Hours Accrued Per Aircraft 68.2 761.8

Average Flight Hours Accrued- 46. 5  469.6
S3tandard Z,-viationr)

'.,i s:lows . y averge fligt %ir per aircraft of 23. :,ars based
in. -_t,• 33 ••': ''e a "'

.5-6o c._ V2•
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Average Flight Duration
(Data Item C36-010-1i)

The average flight duration, with standard deviation, is displayed
in :able C-11 _-.1 Section D for each aircraft and all aircraft combined.
The data is presen.ted by '-I) the current calendar quarter and (2) the
t'a.L c~uulative data.

Further subdivisicns are displayed in Table C-1.' tc show average
f:!Rnt aurat•on in 'SAE'?, PFIN and CCNUS for com.par~ng operational thea-
ters.

a:-or repsr-ed •irzraft co..ined, the i:nfcrmatio. 's as f,'ilows:

3rd Quarter
•970 M Months

Average ?i." Durati.n -.. 07
S.dQ'"6'i 'I-
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ABSTRACT

A total of thirty (38) assemblies have been presented and
discussed in the CHG-53 Readiness Program -,ver the preceeding
2 year period. In this the eighth (8th) and last report under the
terms of the current contract, we will summarize some of the
major items which include-

I. Continue mini-course and audi-scan training programs to
help insure that maintenance personnel can attain a high
degree of proficiency in the support of the various systems
encompassed in the CH-53 helicopter.

2. Review possibility of improving structural integrity of
lower personnel door.

3. Approve VECP 7383 to expedite availability of long spline
drive shaft for the utility system hydraulic pump.

4. Approve Sikorsky Letter SE 5064 requesting ECP coverage
to authorize car burizing internal areas of nose gear box g•ors.

5. Continue evaluation of ITC, all glass and Goodyear composite
windshield panels.

6. Expedite concurrence with I'-CP 116S-T62-029 to introduce
improved APU pressure switches into the supply system.

7. Modify in service clutch assemblies per ECP 7418.

.I
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Introduction

This report represents the eighth and last submittal under

Sikorsky Aircraft's CH-53 Readiness Program. These quarterly reports,

authorized by MOD PO0102 to Contract N00019-68-C-0471, have been

prepared and distributed by the IReadiness Group within the Product

Suppxort Department under direction of the CI1-53 Model Manager.

"The major statistical input of this group was 3M data supplied by

the Maintenance Support Office (MSO) through NATSF. IBoth manual and

machine processing was used in reducing the data for analysis. 3M data

was used to determine high coat items on the (11-53 in terms of manhour

expe nditures and component repairs, replacements. NORS and NORM data

was analyzed and top problem items in NORS, NORM and 3M reported

component failure areas identified. Once these top problem areas were

identified, further ana.lysis was conducted to determine the exact nature

of the problem. Data inputs from a Sikorsky Readiness Representative,

stationed at NARF, North Island, supplemented 3M data with information

concerning depot level maintenance. This supplemental data was sifted

and analyzed in order to pinpoint possible problem areas. Once identified.

these problems were attacked from a number of directions. Areas were

investigated with a view toward possible recommendations for:

pi
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(a) changes or revisions to MIMS and other handbooks, (b) development of

Audi-Scan programs to assist in improving field maintenance techniques,

(c) initiation of SICR action to change procurement levels for parts/compo-

nents showing usage differing from programmed levels, (d) changes to

pri)rity listings for kit deliveries. (e) ECP action to improve current de-

signs in order to increase readiness rates. Both short and long term

solutions were investigated with the intent of providing the most effective

and expedient solution possible.

Close coordination was maintained between the Readiness Group

and other areas of Sikorsky Aircraft, PFrograms. Engineering. O&H,and

areas of Product Support including Supply Support. Field Support and

Technical Publications were kept abreast of the group's efforts to insure

cm)rdinated and meaningful action on the part of Sikorsky Aircraft to

improve opecational readiness of the CH-53 helicopter.

2
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Report Format:

There are three basic sections within this report: abort rate data.

maintenance manhour data. and NOR hour data are included in the first

section. This information, gathered from the 3M system, is presented

in a graphic format.

The second section contains: (a) impact analysis information on

selected components. Impact Analysis being a study of the logistics con-

nected with certain time control components. Adequacy of spare parts

provisioning is studied taking into account various parameters such as

Time Between Overhaul (TBO), Aircraft Utilization Rates. Actual Mean

'rime Between Removals for Overhaul (MTBR for Overhaul). lDepot Turn

Around Time (TAT). aircraft and parts deliveries. etc. The output of the

study is a comparison of projected parts,'component requirements versus

projected parts availability. Obviously. any major difference between

the two outcomes would be cause for remedial action. (b) is devoted to

problems analysis of areas affecting the Operational Ready Rates for the

(II-'3AJ) aircraft. The format consists of an investigation summary and

a number of action sheets stating particular problems. their effect on

eadiness., maintenance manhours. etc. and recommendeJ action toi

.ill.,ate these pt(hlerns. Where an 1( P is reterenced, a flow chart is

.0A



Sikorsky AIrcraft R R.. ,,NO PS 65-K-

included to reflect its status. 3M data is used as an information %ource

and an analytical study of this data indicates those areas where further

research is required. The data is ranked by systems as contributors to

NORS, NORM and component failure burdens for the aircraft. The major

problems are further studied in order to determine what actions can be

taken to improve the system or component. This analysis forms the basis

ot the action sheets presented.

The third section reflects the status of suggested actions to im-

prove readiness of areas discussed in earlier reports. These are present-

ed in narrative form and include charts or graphs where their use adds

clarity to the presentation.

Details and background information, including the ranking deter-

*) mined from 3M data, are presented in the appendices. In this way the

cursory reader is spared the maze of numbers and charts while the in-

formation is made available for those who want. or have, to be aware of

th.se details.

Current Report

NOR and failure data for this report have an identical time frame-

lanuary 1971 through June 1471. The Abort Summary covers April 1Q471

through June 1971.

4
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The Airframe. Hotor System, landing Gear System. Transmission

System. Flight Control System and Power Plant Support System occupy

the first (6) positions in the system performance chart, and are responsible

for 58. 125, of all aircraft failures, based on MSO 47%0. A2142-01 of 20

August 1971. All have been discussed in earlier reports.

Thirty -eight (38) assemblies responsible for significant contribut-

ions to CH-53 failure and NOR statistics have been discussed during the

past two years in the readiness reports. In this the eighth (8th) and last

repjrt under the terms of the current contract. we will summarize some

of the major points presented in lieu of introducing additional problem

items.

1. Perhaps the greatest single item affecting aircraft readiness is

the quality of maintenance available at the field level. This of course re-

lates directly to the need for dynamic training programs. The personnel

attrition rate imposes considerable strain on any squadron's qualified

roster but sophisticated systems such as those encompassed in the (11-53

cannot be maintained in the same manner as those aircraft designed and

fabricated a decade or two ago. This was evidenced when 3M data was

analyzed for the many assemblies we have discussed, such as:

a. The high cannibalization rate of AFCS components.

Z'
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b. The frequent entry in the action taken block "No Defect -

Checked OK. "

c. Mission aborts due to tires with "Bad or Worn Tread".

"Skin Cracks" in the ramp. These should be detected

and corrected during scheduled aircraft maintenance

periods and not left for the flight crew to locate.

The training recommended by the ctntractom includes Audi-Scan

and Mini-Courses on selected tirouble spots and QjT on all phases Of maint-

enance tailored to the CH-53 helicopters.

2. The process from "Need for an Improvement to Incorpo)rat-

ion of that Improvement" is too) costly timewise. Analysis conducted during

preparation of these reports emphasized the need for more expedient

methods for completing ECP actions. (i. e. )9

a. Sikorsky Letter of Intent SET, 5154 was forwarded to NASC

in October 1970. The contractc'- is not in receipt of

either confirmation or ejection correspondence. Letter

SEI, 7733 is similarly in process having been forwarded

to NASC in January 1971.

b. Sikor,•ky Letter SE 503 dated 12 February 1068 started

the ball tolling to rno.ify engine iacelle aft panels which

were be-oming charred due to exhaust impingement

P'A 6t
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encountered under certain operational conditions. It

was not until November 1970 that improved panels were

installed on production aircraft. Kits for retrofit of

in-service aircraft are scheduled for availability in

February 1972,

c. It became apparent. shortly after deployment of the

CH-53. in 1967. that the matri-switches in the AFCS

control panel would not function in the sandy environment

of SEA. An ECP was submitted to NASC in June 1471

which recommended installing protective boots to

preclude dust contamination of thesa assemblies.

These few incidents have been mentioned only to point out the

length of time required to complete ECP projects and amplify the need for

an accelerated procedure to implement beneficial modifications to in

aircraft system.

3. The abort rate for the CH-53 has displayed gradual impiove-

ment over the 3 years (84, 317 flight hours) reviewed under this cont ract

as noted in the abort graph in section one (1) of this report. The new or

short plot of lines shows that aborts, when analyzed and adjusted to exclude

erroneous entries from the 3M base data. have reached the Sikorsky pre-

dicted MTBA of 50 flight hours, (. 020 Aborts /Hr)

PAC-
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The balance of the report is devoted to problems reviewed

previously to highlight areas where additional effort might further improve

nircraft readiness.

Fleet wide operationally.., ready rate statistics have been omitted

from this report in order to maintain its unclassified status. Readiness

information is available from other sources and ýinless a strong need for

this type of information hecomes evident, it will not he included in this. or

fuiture reports.

8
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DEFINITIONS

Mean Time Between Removal for Depot Overhaul/Repair (MTBR)

The Mean Time Since New or Overhaul of components being

.-cturned to a depot level facility for any reason. Components rettirned

without TSO information are disregarded. NOTE: The number so

generated cannot be used as a true reliability figure for the component

hvcause it will include returns for such items as maintenance or handling

damage, etc.

3M Reported Failure

Maintenance Actior.s reported in 3M card codes 11, 21, and 31

having Action Taken Codes 1 through 9, B, C, or Z.

D)epo Turn Around Time (TAT)

Time elapsed from receipt of component at depot facility until

component returned to RFI status.

"Timely Tips"

A Sikorsky developed and prepared directive designed to keep our

Field Support Representatives abreast of new maintenance techniques, etc.

S-88
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"Sound Off"

An internal document used to provide comments from our repre-

sentatives in the field to up date and improve Sikorsky publications.

Abreviations and Definitions

AFC Airframe Change

ASO Aviation Supply Office

BUNO Bureau Number

ECP Engineering Change Proposal

IGB Intermediate Gear Box

IMA Intermediate Maintenance Activity

LES Local Engineering Specification

MAG Marine Air Group

MEA Maintenance Engineered Analysis
(MEAR)

MGIt Main Gear Box

MR Main Rotor

MTPR Mean Time Between Removal for
Depot Overhaul/ Repair

NARF Naval Air Rework Facility

t NATSF Naval Air Technical Services

Facility

NASC Naval Air Systems Command

I ()
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NOR Not Operationally Ready

NORIS North Island, California

NORM Not Operationally Ready -
Maintenance

NORS Not Operationally Ready - Supply

O & R Overhaul and Repair

OJT On Job Training

PMti•c Periodic Maintenance Requirement
Cards

RFI Ready for Isute

SEA South East Asia

SIC R Supply Item Change Record

SS Sikorsky Standard

TAT Turn Around Time

TBO 'rime Between Overhauls

TGB Tail Gear Box

TR Tail Rotor

'I
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SE(; VION I

i ABORTS - NOR -IAINT'NANC[E MANII(IIHS

This sectinm (t the Readiness l.eport presents ,kbort, Not )peration-

* ally Read%, (No)R) and Maintenance Manhour (MMII) data in a readily und.i -

s.tandable graphical form. The data is grouped by two (2) digit %ork unit

ct-Jes (WLIC), i. v.: aircr•trt sub-system - - airframe, flight controls.

ldriv's and transmissions, et. - - and is presented i1 W'(I" order. Aborts,

N()OR and %I\1II charged to each wtrk unit :(xic are shown as a percentage of

total in their particular catcgor'. The abort p!ritxl cokered 11N this report

I. April, May, an2 lun:e 197 l1, the, information having been retrieved from

T\ data tapes received by Sikorsky. The graph presented in this section

reflects aborts per hour (experience versus predicted) for the CII-53A

and 1). The abort rate line is computed using as a starting point Septemher

l 4WO and K4 k•17. 4 total flight hours.

I)urirg th-, pt: ri(J ()ctoler 1`11 - I )ectmber lI* the abort Iate was

* 03L9)4 per Q, 784. () flight hout s (total flight hours 44, 621. 4) ot otie (1)

abort every 25. 6il 3 flight hours.,

During the per•od January I470 - March 1070 the abort rate was

0 o33,.3 per 8, 766+. 8 flight hours (total flight hourt, 103, 38H. 2) or one (I)

abort every 24. 81'4 flight hours.

9F 12
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During the period April 1970) - June 1970 the abort rate was . 03021

per 13. 370.5 nlight hours (total flight hours 116.758.7) or one (1) abort

every 33. 095 flight hours.

During the period July 1970 through September 1970 the abort rate

was . 04100 per 9. 999, 5 flight hours (total flight hours 12b, 758.2) or one

(1) atx)rt every 24. 389 flight hours.

The abort rate during the period October 1970 through December

1t)70 was .03744 per 9. 132. 5 flight hours (total flight hoirs 135. 891.0)

or one abort every 26. 704 flight hours.

The abort rate during the period January 1971 through March 1971

was . 03286 per 10, 133. 6 flight hours. (Total flight hours 146, 024. 6) or

one abort every 30. 431 flight hours.

The abort rate during the period April 1971 through June 1971 was

.04485 for 9386.7 flight hourrs. (T tal flight hours 155. 411,3) or one

abort every 22. 297 flight hours. which represents an increase in the abort

rate for this report period.

A detailed analysis o)f the data base covering both flight and ground

aborts revealed that 44. 89%t, of the recorded abort actions were the direct

result of poor maintenance techniques. lack of aircraft familiarization,

or inequities in the 3M reporting system. The last chart in this section

13
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of the report includes additional "Plots" which reflect the "Adjusted' abort

rate.

Attention is directed to this curve. covering four (4) quarters. July

1Q70 through June 1471. While the "Recorded" abxort actions continue in

an erratic ccirse the "Ad Justed" curve reflects a steady decline. This

clearly highlights the need for a continuing vigorous training program to

keep all field level poet onnel knowledgeable and highly efficient so that

the need for maintenance can be detected and accomplished during schedul-

ed maintenance periods and not left to be identified by flight crews which

invariably results in aborted missions.

NOR data was extracted from 3M tapes covering October 170

through March 197). The maintenance manhour data hase is- a 3%M rep•ort

generateu by MS() and also covers ('11-53 operations from January 1Q71

through June 1Q71. Reference MSO-4790. A2142-1 655-02 of 20 August.

1 97 1.

In this report maintenance manhours for the CH-53A and CII-531)

aircraft are grouped together since the relative rankings by WtC are

nearly identical. See the Chart of Appendix C. Independent rankings will

be made for each following report and it any significant differ.nces occu,

they will be highlighted.

14
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This section provides an accuratc indication of which arcas of the

(11-53 are consuming manhours and reducing availability through aborts

and NOR conditions.
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SECTION HI

IMPACT ANAL YS[S - INVEST[GATION SLtMMAVY

The Impact Analysis section of the report studies the logistic con-

siderations of time control components of the CII-53. The concept is not

complex but the outcome is significant.

Impact analysis starts with an estimate of fleet requirements for

time control components for a specified period. The ohject is to determine

the number of new or overhauled spare components that will be required

to support 100%O utilization in the fleet. There are several parameters q

that must be taken into consideration. These include such items as:

number of aircraft. new aircraft deliveries, monthly flight hour standards.

depot outputs, etc. The other major parameter is defined as Mean Time

Between Removal (MTBR) for Ovei haul and is the Time Since Overhaul

(TSO), for components returning to a depot for any reason. This number

is not a reliability figure for the component because it will include returns *

for such items as handling or maintenance damage. etc, What is determin-

ed is the length of time that an average component is available at the user

level. Components which are removed for local repair are not considered

since they remain at or near the usage site and are expected to be available

on a short turn around time.

21
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Fleet. requirements can be estimated by dividing the flight hour

estimate by the MTBR for Overhaul/Repair. This number of components

must then be supplied from the output of Depot facilities and from new

spare deliveries. Any difference between requirements and nrojected

deliveries is cause for further analysis and remedial action.

A description of the derivation of the actual numbers, flight hours,

and MTBR for overhaul, is contained in Appendix B.

The component investigation portion presents a comprehensive

analysis of systems, sub-systems, or components which are adversely

affecting aircraft readiness.

3M data forms the base for this section of the report. Two

different 3M reports are used to generate the data, A special read-out of

the 3M tape supplied to Sikorsky Aircraft provides NOR data. IReport

number MSO-4790. A2142-01 655-02. "Reliability and Maintainability

Summary" provides failure, maintenance action, and manhour data. The

data is ranked by contributions to NORS. NORM and component failures and

then cross-indexed to show inter relationships between the three catagories.

Top problem areas are then chosen for analysis. See Appendix C.

Analysis starts with a search for specific reasons or causes which

account for the high ranking of the component. Sikorsky Field Support

C

22
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Representatives reports and reports from the Sikorsky Readiness
Representative aM NARF, North island provide much of this information.

Once specific causes are i3olated. a search begins for possible

solutions. Solutions are analyzed with the assistance of Product Supx)'rt

and Supply Support and recommendations are formulated.

The text of this section describes the problem areas and presents

the recommendations. Following the text are Action Sheets which summar-

ize individual problems and the required action to alleviate that specific

problem. Flow Charts are included to reflect the actual status of refly c-

enced ECP's highlighting required action and established responsibility. -

However. since no new items are being introduced in this. the eighth (8th)

report, no impact analysis or investigation summary will be presented.

23
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p

APPENDIX B

IMPACT ANALYSIS DATA

1. Derivation of MTBR for Overhaul

A survey of all components processed through the depot facilities

t9 since the beginning of the CH-53 program is constantly being conducted.

Inputs are being received from Sikorsky Readiness Representatives at

NARF, North Island and from the Sikorsky O&R Production Control Depart-

ment. Components received at a depot without Time Since Overhaul

information are disregarded unless the time can be otherwise ascertained.

it should be noted that the numbers so generated do not reflect

component reliability, since all causes for return to a depot facility are

considered, including no-defect components, handling or maintenance

damaged components, etc., are included in the survey. The intent here is

not to define a reliability number for the component but to accurately study

the loss of RFI components from the fleet supply system for any reason.

Computation is affected on the date nzed on the chart. This data is

used as an additional tool to assist in isolating areas for analysis and is

considered when selecting assemblies to discuss in the Readiness Report.

80
PACE 3-105



LL)~

L).

U z ;I~

V) -k6 x~ 9'o , -
r" -- i.

0
z20 r

x -r r C4- -C4 Ci C ý 4 o l
It.

0 S

t0 0

8 -w -a L1

S-106U



- Report No.

W z

SC~4

U,

-4

00

~ ifS 107

- ~ c82



Sikorsky Aircraft - no PS65-K-8

2. Derivation of Predicted Flight Hours

As of ,30 November 1q71, 232 aircraft were in inventor% (striku air-

craft having been eliminated). It is assumed that approximatelk S airk'ratt

will be added to inventory during the balance of calendar ye'ar 1471. hased

on past history, 2 additional strikes are assumed fur 1471. A ttl./,atilo

Standard of 30. 00 flight hours per month per aircraft has been used.

Predicted flight hours per month are obtained by multiplying the

average number of aircraft in the fleet for each month by the utilization

standard. A summation of monthly totals leads to a gross estimateL ot

54, 360 flight hours for the year with allowances for anticipatud NARJ PAR

induction schedules and known storage periods considered. It should tx

noted that the flight hour estimate assumes 100W utilization.
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APPENDIX C

NORM, NORS AND FAILURE ANALYSIS

Reference:

(a) Reliability and Maintainability Summary - - MSO-4790.

A2142-01 dated 20 August 1971. The failure statistics re-

flected are based on maintenance and flight data for the period

from January 1971 through June 1971. This summary was

selected for the generation of data for the eighth Ct-53
Readiness Report and provides the latest complete accum-

ulated information available.

(b) High NORM/NORS Data Base - - read out of 3M tape

supplied to Sikorsky Aircraft reflecting data on all fifth

level WUC's. This summary also covers the period from

January 1971 through June 1971.

1. NORM, NORS Items Ranking

(a) Identification and ranking of sub-system WUC's is based on

the contribution of the WUC item, measured in hours, to

the totut reported NORM hours. The percentage of contri-

84
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bution the item makes to the total NORM hours is also given.

(b) WUC ranking for NORS items is developed in the same

manner as for the NORM items.
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Sikorsky Craft

2. Failure Ranking

(a) Twenty-seven (27) system work unit codes are ranked by

the number of failures the specific WUC contributed to the
I

overall number of failures reported. The percentage each

system contributed is also shown.
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3. High NORM, NORS and Component Failure Ranking 3

(a) The preceding NORM, NORS and Component Failure Charts

have been combined here to facilitate comparison. The
3

high fourteen (14) WUC's for each category were selected.

(Ref. Chart One).

*1m

(b) The second chart shows the interrelationship of the WUC's

referenced on their respective NORM, ý"nRS and Component

Failure Rankings. The 42 codes were consolidated into

15 parent system WUJC's for this presentation.

93
s-118 PAGE



tcaport No.
PS 65-K-9

EE

C' E

Ew

CICA*o

z

~LQ

E a

-Q) r) r.-

< E~
.- s w ~

0

zz

-A E
E z .2

bo ( tot~ ul 4.

0 0 . ~ 0 ' 0 Cd

u Q ) S-119
*~~ ~ S* .% -

C,*l ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ý I. '* - i' -* IfŽ I *' 'l



Report No.
PS 65-K-8

~~4~ Sig~X

Z '~0

0"

~~~~~~~~ Z
z

0 I.1.

too

UU

oZ Ez wL
Q)0)jQ

'.40

Ea)

wf 0) cc .

E ~ Cd
bQ 0J Z

r *0 :- E E

cd a)
UI

E a U20*

b95


